p o p u l a t i o n g r a t i n g , w h i l e t h e l a t t e r is a t t r i b u t e d t o l o c a l s t r u c t u r a l m~d i f i c a t i o n s~g f t h e g l a s s h o s t induced by high energy "phonons" l o c a l i z e d around t h e Eu i o n s . The r e s u l t s u g g e s t t h e use of such g r a t i n g s f o r de-multiplexing a p p l i c a t i o n s .
Recently we have
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of laser-induced t r a n s i e n t and permanent r e f r a c t i v e index changes i n r a r e -e a r t h doped g l a s s e s ( 1 , 2 ) . T h i s can p r o v i d e a means f o r amplitude modulated phase conjugation and s w i t c h i n g .
4
D i f f e r e n t g l a s s e s have been i n v e s t i g a t e d , erasurei n c l u d i n g a s i l i c a t e , some f l u o r i d e , b o r a t e , and d i f f e r e n t phosphates. 
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p r e v i o u s l y (1,2) .
Fig. 1. Time dependence of t h e FWM s i g n a l
Four-wave Mixing (FWM)
f o r t h e sample. techniques were used t o probe t h e formation of g r a t i n g s i n s i d e t h e samples The experimental set-up h a s been d e s c r i b e d p r e v i o u s l y ( 2 ) . The o u t p u t of a s p e c t r a -p h y s i c s cw argon l a s e r i s s p l i t i n t o two beams which a r e c r o s s e d i n s i d e t h e sample t o form an i n t e r f e r e n c e p a t t e r n i n t h e s h a p e of a s i n e wavg g r a t i n g . The wavelength i s t~n e d~J o . 4 6 5 . 8 nm i n o r d e r t o r e s o n a n t l y e x c i t e t h e D e x c i t e d s t a t e of t h e Eu I o n s . The l a s e r induced modulation of t h e r e g r a c t i v e i n d e x a c t s l i k e a h o l o g r a p h i c g r a t i n g , and s c a t t e r s t h e r e a d beam from a He-Ne l a s e r a t 632.8nm. w r i t e beams a r e chopped o f f , t h e s i g n a l beam i n i t i a l l y decays, exponentially w i t h a decay time s D o equal t o t h e fluo3$scence decay time r f of t h e Eu i o n s . The s i g n a l then l e v e l s o f f a t ab'out 70 % of i t s maximum v a l u e and remains t h e r e i n d e f i n a t e l y . The permanent s i g n a l can b e erased o p t i c a l l y by switching on only one w r i t e beam, o r by h e a t i n g t h e sample up t o about 390 K.
The c h a r a c t e r i s t i c s of t h e d i f f r a c t e d beam g i v e s a l l t h e i n f o r m a t i o n about t h e n a t u r e and p r o p e r t i e s of t h e laser-induced g r a t i n g s . T y p i c a l r e s u l t f o r t h e time e v o l u t i o n of t h e s i g n a l i s shown i n F i g . 1 f o r
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n a l s from a t r a n s i e n t and a Fig. 2 . 3u3+ Energy Levels. permanent gratingm and we can w r i t e
See t e x t f o r exulanations.
1sa]AnI2 = ] a n +An <<An l 2 with An t r a n s i e n t permanent' t h i s t r a n s i e n t permanent s i m p l i f i e s t o : Is' 2 ' A n t r a n s i e n t An permanent I exp(-t/r )+/An 12.
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This e x p l a i n s t h e observed time d e p e n d g c e of t h e t r a s i e n t p a r t , which thus a r i s e s from a population g r a t i n g of Eu ions i n t h e ' D e x c i t e d s t a t e . 2
The c h a r a c t e r i s t i c of t h e permanent s i g n a l a r e c o n s i s t e n t with a photoinduced l o c a l s t r u c t u r a l change. The proposed model i s described i n Fig. 2 . h i g h energy "phonons" during t h e D -D non-radiative r e l a x a t i o n ( 3 , 4 ) , g i v e s a 0 d i r e c t i o n a l b i a s t o t h e hopping of $he atoms between t h e d i f f e r e n t c o n f i g u r a t i o n s . The r e s u l t i n g b i a s i s s c h e m a t i c a l l y r e p r e s e n t e d by t h e change i n Pig. 2. This induces a n i n c r e a s e d p o p u l a t i o n i n c o n f i g u r a t i o n 11, which remains f r o z e n a f t e r switching o f f t h e l a s e r w r i t e beams. According t o t h i s model, we can w r i t e : n = N n + N n I I I1 I1 where n and N a r e t h e r e f r a c t i v e index and t h e population of c o n f i g u r a t i o n I and 11. The FWM s i g n a l i s t h e n given by: I s = N 1 ~n~-~~ 1 2 e x~ (2AEf/kT) I D where t h e s u b s c r i p t s p and v r e f e r t o t h e peak and v a l l e y r e g i o n of t h e grating, This correspondq e x a c t l y t o t h e observed temperature dependence w i t h AE =1100cm f o r t h e EP sample. f
It is assumed t h a t t h e
The importance of t h e e x i s t e n c e of l o c a l i z e d h i g h energy "phonons" was i n v e s t i g a t e d by Raman s c a t t e r i n g (5). The resonant Raman s p e c t r a s9vwn i n F i g . 3
( s o l i d l i n e ) c l e a r l y shows t h e e x i s t e n c e of coupling between t h e Eu i o n s and such l o c a l i z e d "phonons" i n t h e EP g l a s s . S i m i l a r measurements performed i n g l a s s e s t h a t do n o t e x h i b i t permanent change of t h e r e f r a c t i v e index, such a s l i t h i u m -s i l i c a t e gla2$, do n o t show any coupling between l o c a l i z e d high energy "phonons" and t h e Eu i o n s . This i s c o n s i s t e n t with o u r proposed model, where
t h e D2-Do n% r a d i a t i v e r e l a x a t i o n g e n e r a t e s some high energy "phonons" l o c a l i z e d around t h e Eu i o n s , c r e a t i n g a high l o c a l e f f e c t i v e temperature (4).
The permanent g r a t i n g formed i n t h e g l a s s e s could b e used Eor demultiplexing a p p l i c a t i o n s . As shown i n Fig. 4 , d i f f e r e n t wavelengths of t h e probe beam a r e s c a t t e r e d o f f t h e permanent g r a t i n g a t d i f f e r e n t a n g l e s , allowing t h e s e p a r a t i o n of d i f f e r e n t components of a multi-color beam. 1. E. Behrens, F. D u r v i l l e and R. Powell, Opt. L e t t . 11, 653 (1986) 2. F. D u r v i l l e , E. Behrens and R. Powell, Phys. Rev. Bx, 4213 (1986) 
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